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ABSTRACT 

Colorado  River  salinity  increases  dramatically  from  50  mg 
L~ 1     at  its  source  to  850  mg  L" :  at  Imperial  Dam,  the  last 
major  diversion  in  the  United  States.  This  increase  in 
salinity  was  estimated  to  result  in  91  million  dollars  in 
lost  agronomic  production  in  1983.  By  the  year  2010,  salt 
concentrations  at  Imperial  Dam  are  projected  to  increase  to 
1089  mg  L~  *  .  The  objectives  of  this  investigation  were  to 
review  the  existing  literature  regarding  the  sources  of  salt 
discharge  to  the  Colorado  River  from  Nevada  drainages,  to 
present  selected  reported  data  to  provide  an  interpretive 
basis  for  current  discharge  conditions,  and  to  propose  more 
specific  investigation  to  identify  salt-yield 
characteristics  of  small  watersheds  within  the  Colorado 
River  drainage  in  Nevada.  The  Muddy  and  Virgin  Rivers  and 
Las  Vegas  Wash  were  identified  as  the  principal  tributaries 
contributing  most  of  the  salt  discharged  to  Lake  Mead 
(19770,  541037,  196047  tons  yr" x ,  respectively).  It  was 
determined  that  the  current  ability  to  predict  hydrologic 
behavior  and  salt-yield  characteristics  of  small  semiarid  to 
arid  watersheds  is  currently  without  site  specific 
validation  capability.  Recognizing  that  such  variables  as 
range  condition,  season  of  the  year,  and  soil  chemical  and 
physical  conditions  influence  infiltration  rates  on  specific 
range  sites,  it  follows  that  quantities  of  salt  and  sediment 
produced  from  a  small  watershed  are  directly  influenced  not 
only  by  salt  content  and  physical  characteristics  of 
respective  soils  but  also  by  the  varying  hydrologic  behavior 
of  the  landscapes  in  conjunction  with  applied  land 
management  practices.  It  was,  therefore,  hypothesized  that 
the  overall  hydrologic  and  salt  and  sediment  discharge 
behavior  of  small  semiarid  to  arid  watersheds  should  be 
better  quantified  for  purposes  of  predictive  model 
validation.  An  appropriate  preliminary  research  proposal 
identifying  specific  hypotheses  and  objectives  is  presented 
for  funding  consideration  by  the  Bureau  of  Land  Management. 


Introduct  ion 

The  total  dissolved  solids  concentration  (salinity)  of 
the  Colorado  River  increases  from  50  mg  L~l  at  its  source  to 
850  mg  L" l    at  Imperial  Dam,  the  last  major  diversion  in  the 
United  States  (Woessner,  1980).  In  1983,  this  increase  in 
salinity  was  estimated  to  cost  91  million  dollars  in  lost 
agronomic  production  (Schumm  and  Gregory,  1986).  Without 
control  measures,  the  salinity  concentration  at  Imperial  Dam 
has  been  projected  to  increase  to  a  level  of  1089  mg  L~ L  by 
the  year  2010  (USDI,  1983). 

A  compilation  of  US  Geological  Survey  data  (USGS  Water 
Resources  Data  for  Nevada)  over  the  past  ten  years  has 
revealed  an  average  dissolved  solids  concentration  of  679  mg 
L" *  in  Lake  Mead  at  Hoover  Dam,  with  an  average  annual  salt 
load  of  approximately  10  million  tons  (Woessner,  1980). 
Forty  seven  percent  of  this  load  was  attributed  to  natural 
sources,  37%  to  irrigation  discharge,  12%  to  reservoir 
evaporation,  3%  to  water  exports  and  1%    to  municipal  and 
industrial  discharges  (Jonez,  1984).  Contributions  from  the 
Colorado  River  Basin  in  Nevada  are  included  in  the  above 
est  imates . 

The  principal  objectives  of  the  investigation  were:  1)  to 
review  the  existing  literature  in  order  to  identify  the 
current  state  of  knowledge  regarding  the  sources  of  salt 
contribution  to  the  Colorado  River  from  Basin  tributaries  in 
Nevada;  2)  to  present  selected  historical  data  and  findings 
to  provide  an  interpretive  base  on  current  conditions  within 
the  Basin;  and,  3)  to  develop  a  preliminary  proposal  for 
more  specific  investigation  to  help  delineate  salt-yield 
characteristics  of  small  watersheds  within  the  Colorado 
River  drainage  in  Nevada. 


The  Colorado  River  Basin  of  Nevada 
Setting 

The  Basin  extends  from  the  southern  most  portion  of 
Nevada  to  Ely,  Nevada,  and  from  the  Arizona-Nevada  border  on 
the  east  to  Indian  Springs,  Nevada,  on  the  west,  encompasing 
an  area  of  approximately  7.9  million  acres  (Figure  1). 
Public  lands  comprise  a  major  proportion  of  the  total  area 
(Lutsey  and  Nichols,  1972).  There  are  five  major  drainages 
within  the  Basin:  White  and  Muddy  Rivers,  Meadow  Valley 
Wash,  Virgin  River  and  Las  Vegas  Wash.  The  Muddy  and  Virgin 
Rivera  and  Las  Vegas  Wash  discharge  directly  into  Lake 
Mead. 

Climate 

The  precipitation  pattern  in  the  Colorado  River  Basin  of 
Nevada  is  generally  influenced  by  topography.  The  valley 
floors  tend  to  be  arid  in  character  while  the  bordering 
mountains  are  semi-arid.  Precipi tai ton  data  (Glancey  and  Van 
Denburgh,  1969;  Rush,  1968)  have  shown  that  average  annual 
precipitation  is  about  4  inches  at  elevations  of  2000  ft  and 


Figure  1.  Location  schematic  of  the  Colorado  River 
Basin  in  Nevada. 


about  13  inches  at  6000  ft  or  above.  Most  precipitation 
occurs  during  winter  months  in  the  form  of  rain  except  at  ^^ 
the  higher  elevations.  Winter  storms  tend  to  be  regional 
while  those  during  summer  occur  as  localized  thunderstorms. 
Average  annual  maximum  temperatures  range  from  95  to  120°  F, 
whereas  average  annual  minimum  temperatures  range  from  -10 
to  25°  F  (Glancey  and  Van  Denburgh,  1969;  Rush,  1968). 


Salt  Sources  Within  The  Basin 
Geo 1 ogy 

The  amount  and  type  of  soluble  minerals  which  tend  to 
increase  the  salinity  of  surface  and  ground  waters  is  a 
function  of  storage,  leaching  and  accumulation  processes 
(Schumm  and  Gregory,  1986).  Minerals  which  form  in  some 
geologic  formations  often  reflect  the  environment  in  which 
the  material  was  originally  deposited.  For  example,  the 
Mancos  Shale,  known  to  be  a  substantial  source  of  soluble^" 
salts  in  the  Upper  Colorado  River  Basin,  was  deposited  in  a 
marine  environment.  Terrestrial  sedimentary  rocks  and 
igneous  and  metamorphic  rocks  rarely  have  high  soluble 
mineral  contents  (USDI,  1978).  In  terms  of  the  distribution 
of  rock  types  within  the  Basin  (Stewart  and  Carlson,  1978), 
lowlands  are  underlain  by  Quaternary  alluvial  deposits  and 
Tertiary  sedimentary  rocks.  Mountain  ranges  are  upheld  by 
Tertiary  volcanics  and  intrusives,  Mesozoic  formations 
consisting  of  sedimentary  rocks  of  both  continental  and 
marine  origin,  Paleozoic  rocks  which  are  predominantly 
carbonates  and   Precambrian  granites,  gneisses  and 
schists . 

Formations  such  as  the  Tertiary  Muddy  Creek  and  Horse 
Springs,  the  Mesozoic  Moenkopi  and  the  Paleozoic  Kaibab  and 
Toroweap  all  contain  gypsum  and  thus  are  potential  sources 
of  dissolved  salts  (Stewart  and  Carlson,  1978;  Longwell  et 
al. ,  1965).  Extensive  outcropping  of  these  formations  occur 
in  the  Las  Vegas  Wash  area,  the  Muddy  and  Virgin  River 
areas,  and  in  the  vicinity  of  Panaca  and  Pioche,  Nevada,  in 
the  northeast  section  of  the  Basin. 

Soil  Characteristics 

Salt  accumulation  is  the  result  of  several  different 
processes.  Salts  have  been  shown  to  be  concentrated  on  soil 
surfaces  by  eolian  deposition  of  materials  derived  from 
saline  materials  (Woessner,  1980),  concentrated  in 
groundwaters  through  evapot ranspirat ion  of  phreat ophy tes 
(Woessner,  et  al.,  1981),  and  accumulated  at  the  soil 
surface  through  the  capillary  evaporation  of  soil  water 
(Schumm  and  Gregory,  1986).  Improper  irrigation  practices 
such  as  insufficient  leaching  or  excessive  application 
thereby  raising  the  water  table  may  also  result  in  salt 
accumulation . 

Soils  in  the  Basin  have  been  characterized  into  salinity 
classes  depending  on  the  electrical  conductivity  of  their 
saturated  extracts  (ECe)  with  depth.  Table  1  presents  the 


Table  1.  Soil  salinity  classification  system 


Electrical  Conductivity  (ECe )  at  25°  C  of 
Saturation  Extract  (umohs  cm"1) 


Salinity  Class 


Upper  Soil  Layer 


Lower  Soil  Layer 


Nonsaline 
Slightly  Saline 

Moderately  Saline 

Strongly  Saline 
(Highly) 


<4000 
<4000  above 
8  inches 
4000  -  16000 
above  20  inches 
>16000 


<4000 
4000  -  16000 
below  8  inches 
>16000  below 

20  inches 

>16000 


criteria  for  the  classification  scheme.  There  are  an 
estimated  910,000  acres  of  slightly  saline  soil  within  the 
Basin  while  182,000  acreas  are  characterized  as  moderately 
and  36,000  acres  as  strongly  saline.  Soils  of  the  remaining 
area  are  considered  nonsaline.  Figure  2  illustrates  the 
distribution  of  salinity  classes  for  soils  of  the  Basin. 


Salt  Movement  and  Loading 
This  section  of  the  report  consists  primarily  of  the 
literature  review  and  presents  selected  data  from  past 
investigations  concerning  the  origin  of  salts  within  the 
Basin  and  the  apparent  mechanisms  by  which  salts  are 
transported  to  Lake  Mead  and  the  Colorado  River. 

Most  of  the  watersheds  drained  by  the  Muddy  and  Virgin 
Rivers  and  the  Las  Vegas  Wash  are  underlain  by  geologic 
formations  containing  gypsum.  Furthermore,  many  of  these 
watersheds  consist  of  soils  which  are  classified  as  either 
slightly,  moderate  or  strongly  saline.  Strongly  saline  soils 
tend  to  be  concentrated  beneath  the  irrigated  lands  of  the 
Muddy  and  Virgin  River  basins.  Moderate  and  slightly  saline 
soils  are  characteristic  of  tributary  watersheds.  The  Muddy 
River,  Las  Vegas  Wash  and  Virgin  River  are,  for  the  most 
part,  perennial  streams  which  ultimately  discharge  into  Lake 
Mead;  the  Muddy  and  Virgin  Rivers  discharge  to  the  Overton 
Arm  while  Las  Vegas  Wash  discharges  to  Las  Vegas  Bay.  It  is 
for  these  reasons  that  most  of  the  past  investigations  have 
concentrated  on  salt  loadings  originating  from  these  three 
watershed  areas. 

? a*-a  From  Previous  Investigations 

In  order  to  obtain  a  perspective  regarding  the  magnitude 
of  salt  loading  issuing  from  the  above  watersheds,  water 
quality  data  has  been  compiled  from  water  resources  data 
collected  by  the  US  Geological  Survey  (USGS,  1979-1983). 
Summary  results  are  presented  in  Table  2.  Discharge 
measurements  along  with  measurements  of  TDS  and  suspended 
sediment  concentrations  as  well  as  several  other  water 
quality  parameters  of  interest  were  collected  at  three 
locations,  one  representing  each  watershed  (Figure  3).  The 
Muddy  River  was  monitored  at  USGS  gaging  station  #09419515 
located  approximately  2.3  miles  southeast  of  Overton, 
Nevada.  The  Virgin  River  was  monitored  at  USGS  gage  station 
#09415230  located  1.3  miles  upstream  of  Halfway  Wash  and  6.1 
miles  southeast  of  Riverside,  Nevada,  7.5  miles  upstream 
from  the  waterline  of  Lake  Mead.  The  USGS  gage  station  on 
Las  Vegas  Wash  was  #09419800  located  approximately  11  miles 
north-northwest  of  Boulder  City,  Nevada,  and  0.8  miles 
upstream  from  the  high-waterline  of  Lake  Mead. 

Discharge  values  shown  in  Table  2  are  averages  of  total 
yearly  flow  from  1979-1983.  TDS  concentrations  were  measured 
once  per  month  in  Las  Vegas  Wash  and  approximately  every 
other  month  in  the  Muddy  and  Virgin  Rivers.  Salt  loads  were 
obtained  by  multiplying  discharge  by  concentration  and 
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Figure  2.  Salinity  class  distribution  for  soils 
of  the  Colorado  River  Basin  in  Nevada 


Table  2.  Average  annual  flow,  salt  concentration,  salt  and 
sediment  load  for  the  Virgin  and  Muddy  Rivers  and  Las  Vegas 
Wash. 

Drainage    Discharge     TDS  Salt  Load     Sediment  Load 

AF        mg  L~ l  tons          tons  day-1 

Virgin       248,225      1795  541,037           4287 

Las  Vegas     72,465      2228  196,047           4802 

Muddy          7,163      2273  19,770            183 


N 


4 


▼  Gaging  Station 


Figure  3.  Location  schematic  for  USGS 
gaging  stations  on  the  Muddy 
and  Virgin  Rivers  and  Las  Vegas 
Wash. 


converting  the  units  to  tons.  Suspended  sediment 
measurements  were  made  at  the  same  intervals  and  were 
converted  to  units  of  tons  per  day  by  multiplying  by 
instantaneous  discharge  measurements.  It  may  be  noted  (Table 
2)  that  Virgin  River  discharges  amounted  to  about  3.5  times 
as  much  water  as  Las  Vegas  Wash  and  almost  35  times  as  much 
as  the  Muddy  River.  TDS  concentrations  of  water  entering 
Lake  Mead  are  similar  in  magnitude  for  all  three  watersheds. 
The  salt  loadings  are  reflective  of  the  large  differences  in 
discharge  values  of  the  respective  watersheds.  Sediment 
loads  from  Virgin  River  and  Las  Vegas  Wash  are  similar  and 
are  about  24  times  as  much  as  that  from  Muddy  River. 

Seasonal  variations  of  salt  loading  mechanisms  such  as 
the  precipitation-runoff-erosion  sequence  as  well  as 
irrigation  frequency  can  be  reflected  in  time-series  plots 
of  discharges,  TDS  concentration  and  sediment  load.  Figure  4 
illustrates  the  seasonal  variation  of  discharge  for  the 
three  watersheds.  Both  the  Virgin  and  Muddy  Rivers  respond 
similarly  throughout  the  year.  High  monthly  discharges  occur 
in  early  spring  (February-March)  in  response  to  regional 
winter  storm  events.  There  appears  to  be  little  variation  in 
discharge  from  Las  Vegas  Wash.  Monthly  TDS  concentrations 
also  appear  to  reflect  seasonal  variations  in  the  Muddy  and 
Virgin  River  basins  (Figure  5).  TDS  concentration  response, 
however,  is  opposite  that  of  water  discharge.  That  is,  lower 
TDS  values  are  observed  during  high-flow  periods.  This  can 
be  attributed  to  dilution  of  salt  concentration  in  response 
to  the  magnitude  of  streamflows.  The  dilution/concentration 
response  is  much  less  apparent  in  Las  Vegas  Wash. 

Sediments  loads  (Figure  6)  tend  to  be  positively  related 
to  discharge  flows;  high  sediment  loads  occur  during  high 
flows.  Increased  precipitation  would  result  in  increased 
runoff  and  erosion.  Such  sediment  transport  may  also  result 
in  the  discharge  of  sediment-associated  (adsorbed  cations) 
salts . 

Specific  Watershed  Studies  (Figure  7  for  Locations ) 

Muddy  River 

Several  studies  have  been  conducted  in  the  Muddy  River 
watershed  area  with  the  intent  of  determining  the 
contribution  of  salt  and  sediment  loading  from  irrigated 
land  and  related  upland  watersheds,  the  most  predominant 
being  that  of  the  Soil  Conservation  Service  (USDA,  1981a) . 
This  study  encompassed  874  square  miles  but  did  not  include 
drainages  of  the  upper  Muddy  River  above  Muddy  Springs,  the 
White  River,  nor  Meadow  Valley  Wash.  These  areas  were 
considered  noncontributing  or  where  mitigating  treatment 
would  not  significantly  reduce  salt  loading  into  Lake  Mead. 

Surface  water  supply  originates  from  Muddy  River  Springs, 
which  have  a  mean  annual  discharge  of  32,670  AF  (39  year 
record  -  Eakin,  1964).  There  are  minor  flow  contributions 
form  California,  Meadow  Valley,  and  Weiser  Washes  from 
intermittent  precipitation  events,  however,  no  gaging 
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Figure  6.  Monthly  sediment  loading  in  discharge 
waters  for  Muddy  and  Virgin  Rivers  and 
Las  Vegas  Wash. 
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Figure  7.  Location  schematic  for  previous  salinity 
loading  studies  in  specific  watersheds  of 
the  Colorado  River  Basin  in  Nevada. 


stations  existed  to  quantify  flows.  Groundwater  was  found  to 
be  predominantly  in  two  settings  within  the  study  area; 
shallow  valley-fill  aquifers  exist  beneath  the  floodplain  of 
the  Muddy  River,  and  a  deeper,  regional  groundwater  system 
located  Paleozoic  carbonate  rocks  (Eakin,  1964;. 

Evapotranspi rat i on  of  groundwater  by  phreatophytes  such 
as  saltbrush,  saltgrass,  salt  cedar,  mesquite,  cottonwood 
and  tules  have  been  estimated  to  account  for  a  loss  of 
approximately  11,000  AF  yr"1  (Rush,  1968).  Average  annual 
Lake  evaporation  for  the  area  is  about  80  in  (Rush,  1968). 
Vegetation  of  irrigated  lands  consist  of  legumes,  grasses 
and  small  grains.  Groundwater,  3290  AF  (USDA,  1981a),   is 
pumped  for  purposes  of  irrigation  (crop  consumptive  use)  and 
for  coooling  at  the  Nevada  Power  electrical  generating  plant 
in  the  upper  portion  of  the  Muddy  River  valley  (Moapa). 
Surface  water  is  used  for  irrigation  in  the  lower  portion  of 
the  study  area  due  to  extremely  poor  quality  groundwater. 
Total  irrigated  acreage  consists  of  4982  A  for  which  the 
principal  delivery  system  was  via  ditch  conveyance.  During 
winter  months  water  was  diverted  to  Bowman  Reservoir  which 
stores  approximately  4000  AF.  Irrigation  efficiency  at  the 
time  of  the  studies  was  estimated  to  be  approximately  45%. 

The  quality  (relative  to  salinity)  of  water  issuing  from 
Muddy  River  Springs  was  considered  good  at  683  mg  L" 1 
(Bateman,  1976).  The  quality  diminished  along  the  course  of 
the  River  due  to  the  concentrating  effects  of  evaporation, 
irrigation  return  flows,  and  saline  groundwater 
contributions.  Return  flows  from  the  lower  portion  of  the 
study  area  ranged  from  4494  to  5825  mg  L"  1  .     Average  salt 
concentration  of  groundwaters  found  in  the  area  was 
approximately  1971  mg  L"  :  .  The  SCS  study  (USDA,  1981a) 
estimated  that  Muddy  River  water  entering  Lake  Mead  had  an 
average  annual  salt  contribution  of  2397  mg  L" 1  .     This'  was  in 
agreement  with  the  data  presented  in  Table  2.  The  salt  and 
water  budget  for  the  study  is  presented  in  Table  3.  However, 
it  was  not  mentioned  in  the  report  how  salt  loads  were 
derived.  It  is  assumed  that  TDS  concentrations  measured  at 
stream  gages  were  converted  on  the  basis  of  average  flow 
volumes.  Furthermore,  it  is  unclear  how  a  groundwater 
discharge  value  of  11,100  AF  yr"1  to  Lake  Mead  was  derived 
since  the  total  outflow  was  450  AF  yr-1  less  than  the 
subtotal  calculated  for  the  lower  Moapa  Valley  (Table  3).  In 
any  case,  from  the  salt  and  water  budget  presented  it  was 
determined  that  53%    of  the  salt  load  to  Lake  Mead  came  from 
Muddy  River  Springs,  3 1  ?•  from  irrigation  return  flows  and 
evaporation,  14%  from  erosion  (streambank  or  surface),  and 
2%    from  man-accelerated  erosion.  It  is  unclear  how  the 
contribution  of  salt  loading  due  to  erosion  was  determined, 
however,  and  effort  was  made  to  distinguish  erodable  areas 
within  the  overall  study  area. 

Virgin  River 
In  respect  to  the  Virgin  River,  which  extends  from 
Littlefield,  Arizona  to  Lake  Mead,  the  drainage  is  bordered 
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Table  3.  Water  and  salt  budgets  —  1978  Conditions;  Moapa 
Valley  Subevaluation  Unit,  Nevada. 


Location 


Water 


Salt 


Upper  Moapa  Valley 
Water  Supply 

Springs  above  Moapa  Gage 

#09416000 
California,  Meadow  Valley, 
Weiser  Washes 

Subtotal 

D  e lP_I  etions 

Power  and  Evaporation 
Crop  Use  (Irrigation) 
Phreatophytes 

Subtotal 

Water  Glendale  Gage 
#09418000 

Lower  Moapa  Valley 
Water  Supply 

Water  Wells  Siding  Diversion  Dam 
Side  Wash  Inflow 

Subtotal 

D  e  pie t ions 
Evaporation 
Crop  Use  (Irrigation) 
Phreatophytes 

Subtotal 

Lake  Mead 

Surface  Inflow  From  Moapa  Valley 
Groundwater  Inflow  From  Moapa  Valley 
Total  Outflow  Form  Moapa  Valley 


AF  yr"1 

39,900 

2,200 
42, 100 


600 
7,850 
1,000 
9,450 


32,750 


32,750 

500 

33,_250 


2,900 

11,750 

2,200 

16,850 


5,300 
11,100 
16,400 


Tons  yr' 


38,900 


41,900 


49,500 


17,100 
56,300 
73,400 
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to  the  north  by  Tule  Desert,  to  the  west  and  northwest  by 
Mormon  Mesa  and  the  Morman  Mountains,  and  to  the  east  and 
southeast  by  the  Virgin  Mountains.  The  watershed  area 
encompasses  approximately  1740  square  miles.  Principal 
settlements  in  the  area  are  Littlefield,  Arizona,  and 
Mesquite,  Bunkerville,  and  Riverside,  Nevada. 

The  river  discharge  is  comprised  of  upper  basin  discharge 
(above  Littlefield,  Arizona),  Littlefield  Springs  discharge, 
Beaver  Dam  Wash  inflow  and  lower  basin  groundwater 
discharge.  The  mean  annual  discharge  which  includes  the 
upper  basin,  Littlefield  Springs,  and  Beaver  Dam  has  been 
estimated  at  164,400  AF  (50  years  data  -  USDA,  1981b).  Fifty 
two  percent  of  the  annual  flow  occurs  during  February-May 
with  the  largest  variation  occurring  in  May  (Twyeffort, 
1980).  The  average  water  yield  over  a  five  year  period 
(1972-74,  and  1978-79)  at  Riverside,  Nevada  (the  last  gaging 
station  on  the  Virgin  River),  was  192,455  AF ,  compared  to 
220,824  AF  at  Littlefield  during  the  same  period.  From  Table 
4,  flows  have  apparently  increased  at  the  Riverside  gage 
during  the  period  1979-1982.  It  should  be  noted,  however, 
that  the  USGS  gaging  station  was  moved  from  its  original 
location  in  1979  to  a  new  site  near  Halfway  Wash. 

The  predominant  groundwater  system  consists  of  shallow 
reservoirs  made  up  of  floodplain  alluvium,  beneath  the 
Virgin  River,  and  overall  valley-fill  comprised  of  alluvial 
fans  and  the  underlying  Muddy  Creek  formation  (Woessner,  et 
al.,  1981).  The  movement  of  groundwater  through  the  valley 
fill  is  generally  from  the  surrounding  mountain  ranges  down 
to  the  Virgin  River  then  down  the  valley  to  Lake  Mead 
(Glancey  and  Van  Denburgh,  1969).  Basin  recharge  occurs  as  a 
result  of  the  infiltration  of  precipitation  in  highlands, 
particularly  in  response  to  ephemeral  washes.  Analysis  of 
streamflow  data  indicates  that  surface  recharge  to  shallow 
floodplain  reservoirs  occurs  during  parts  of  the  year 
(Woessner,  et  al.,  1981).  Local  recharge  may  also  occur  due 
irrigation  practices. 

Groundwater  is  discharged  in  the  basin  at  Littlefiled 
Springs,  as  spring  flow  in  the  Virgin  mountains  in  the  lower 
portion  of  Beaver  Dam  Wash,  to  the  main  channel  of  the 
Virgin  River  and  by  evapotranspiration  (Woessner,  et  al., 
1981).  Woessner  et  al.  (1981)  has  estimated  that 
approximately  59,400  AF  of  groundwater  recharge  occurs  to 
the  Virgin  River.  A  representative  group  of  springs  at  the 
Littlefield  Springs  area  was  reported  (USDI,  1982a)  as 
having  a  average  combined  flow  of  4126  AF  yr~ x .  There  are 
approximately  5634  A  of  phreatophytes  within  the  Virgin 
River  floodplain  consisting  principally  of  salt  cedar.  Using 
data  from  water  well  hydrographs,  Woessner  et  al.  (1981) 
estimated  that  approximately  52,5000  AF  of  water  were 
consumed  by  phreatophytes. 

There  are  approximately  3735  A  within  the  Virgin  River 
floodplain  devoted  to  agricultural  cultivation.  An  average 
consumptive  use  rate  based  on  the  agricultural  practices  of 
the  area  has  been  estimated  at  4.6  AF  A-1  (CCCD,  1978).  This 
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Table  4.  Salt  loads  at  Riverside  and  Littlefield1  (CCCD, 
1978). 


Salt  Load 
Water  Year   Riverside   Littlefield   Gain   Loss 


Flow  at 
Littlefield 


Tons 


1971 

(Jan-Sept) 

1972 

(Oct-July) 

1973 

1974 


228,000  209,000    19,000 

352,000  274,000    78,000 

738,000  518,000  220,000 

239,000  278,000  39,000 


—  AF  — 

73,400 

92,000 

321,000 
90,000 


LBased  on  total  monthly  flow  and  average  monthly  TDS  at 
Littlefield  and  Riverside.  Average  monthly  TDS  at  Riverside 
was  calculated  from  values  obtained  at  Littlefield  using  a 
relationship  derived  from  the  reported  results  obtained 
between  1968  and  1974. 
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would  amount  to  a  total  of  17,181  AF  of  water  consumed  each 
year.  Eight  separate  irrigation  diversions  and  distribution 
systems  supply  river  water  to  the  agricultural  areas  (USDA, 
1981b).  Three  systems  serve  the  Mesquite,  Bunkerville,  and 
Riverside,  Nevada,  areas  while  five  systems  are  located  in 
the  Littlefield,  Arizona,  area.  Systems  consist  of  both 
lined  and  unlined  ditches. 

Water  in  the  Virgin  River  is  of  calcium  sulfate  type  and^ 
the  concentration  of  TDS  generally  increases  downstream 
(Woessner  et  al.,  1981)  tending  to  vary  throughout  the  year 
(USDA,  1981b).  Average  surface  water  quality  in  terms  of  TDS 
is  about  2000  mg  L" l     (Woessner  et  al.,  1981).  Groundwater 
quality  in  the  Muddy  Creek  formation  is  generally  a  sodium 
sulfate  type  with  TDS  values  ranging  from  300  to  3000  mg  L~ 1 
(Woessner  et  al.,  1981).  Glancey  and  Van  Denburgh  (1969) 
have  reported  that  spring  discharge  near  the  Virgin  River 
mountains  recharge  area  is  generally  a  calcium  bicarbonate 
type  with  TDS  of  approximately  700  mg  L'1.    Water  issuing 
from  Lifflefield  Springs  averages  2960  mg  L"1  TDS  (USDI, 
1982a).  Water  in  the  agricultural  areas  is  a  calcium  sulfate 
type  with  TDS  values  ranging  from  3300  to  8700  mg  L_1  just 
below  the  water  table  while  water  beneath  phreatophyte  areas 
tends  towards  a  sodium  sulfate  type  and  ranges  in  TDS  values 
from  5800  to  11,000  mg  L" x    just  below  the  water  table  to 
2300  to  10,000  mg  L" l    ten  feet  deeper  (Woessner  et  al . , 
1981).  Woessner  et  al.  (1981)  have  suggested  that 
transpiration  of  phreatophytes  concentrates  salts  in  the 
groundwater  beneath  them  during  the  growing  season.  Then, 
during  winter  when  evapotranspirat ion  is  low  and  groundwater 
levels  rise,  accumulated  salts  are  flushed  into  adjacent 
surface  waters. 

A  water  and  salt  balance  was  prepared  for  the  period 
June,  1980  to  April,  1981  (Woessner  et  al.,  1981).  The  water 
budget,  in  AF  was  given  as: 

Qiwi  +0fwi  =Qswo+Q«wo  +Qphr+Qa*+Qe  [1] 

(Input)  (Output) 

160900+59400=138400+900+52500+17200+2100 

220,300  AF  =  211,100  AF 

where,  Qswi -surface  water  inflow  at  the  USGS  gage  near 
Littlefield,  Arizona;  Q« w i ^groundwater  discharge  to  the 
floodplain  alluvium  from  the  Muddy  Creak  formation/alluvial 
fan  system  between  Littlefield  and  three  miles  upstream  from 
Lake  Mead;  Qa wo =surf ace  water  discharge  at  a  gage  located 
three  miles  upstream  from  Lake  Mead;  Qgwo =groundwater 
underflow  at  a  gage  located  three  miles  upstream  from  Lake 
Mead;  Qphr=  consumptive  use  by  phreatophytes; 
Qag =consupmt ive  use  by  agriculture;  and,  Qe =consumpt ive  use 
by  direct  evaporation  in  irrigation  ditches  and  the  surface 
water  channels.  The  salt  budget  in  tons  per  year  was 
presented  as: 
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Qs  s  w  i +  Qs  gwi  :QBSwo+Qsgwo+Sphr+Sag  [2] 

(Input)     (Output)    (Storage) 

369900+153500=338900+3700+142500+46600 

523,400  tons  =  531,700  tons 

where  Qsgwi=salt  loading  at  the  surface  inflow  at 
Littlef ield,  Arizona;  Qsgei=salt  loading  due  to  groundwater 
discharge  to  the  river  between  Littlefield  and  the  gage 
located  three  miles  upstream  from  Lake  Mead;  Qsswo=salt 
loading  at  the  gage  located  three  miles  upstream  from  Lake 
Mead;  Sphr=salt  stored  in  phreatophyte  areas;  and  Sag=salt 
stored  in  agricultural  area.  Four  percent  of  the  total  water 
inflow  in  the  water  budget  was  unaccounted  for  while  two 
percent  of  the  salt  load  was  unaccounted  for  in  the  salt 
budget.  Both  discrepancies  were  considered  within 
measurement  error,  consequently  the  budgets  as  presented 
were  considered  balanced  by  the  investigators. 

The  Clark  County  Sanitation  District  (CCSD,  1978)  also 
evaluated  salt  loading  in  the  lower  Virgin  Valley  in  its 
water  quality  management  study  (PL  92-500,  Sec.  208)  of 
agriculturally  related  diffuse  source  discharges.  The  salt 
balance  presented  in  Table  4  was  derived  by  using  data  from 
the  USGS  gages  at  Littlefield,  Arizona  and  Riverside,  Nevada 
in  addition  to  the  irrigation  water  balance.  In  addition, 
the  SCS  (USDA,  1981b)  prepared  a  water  and  salt  balance  for 
water  years  1972-74  and  1978-79  again  using  USGS  water 
resources  data  reports.  The  SCS  water  balance  in  AF  yr~ L 
was : 

Qswi  +  Qgw  i  =  Qswo+Qgwo+Qphi'e+Qag        [3] 

(Input)        (Output) 

220800+12300=192400+14000+12600+14100 

233,100  AF  yr-i  =  233,100  AF  yr1 

where  Qswi=surface  inflow  as  observed  at  the  USGS  gage  at 
Littlefield,  Arizona;  Qg*»i=local  inflow  due  to  runoff  and 
groundwater;  Qswo=surface  outflow  as  observed  at  the  USGS 
gage  at  Riverside,  Nevada  (before  moved  to  present  location 
near  Halfway  Wash);  Qphr e ^consumption  due  to  evaporation, 
phreatophytes ,  livestock  and  domestic  use;  and, 
Qa g ^consumption  due  to  agriculture.  The  salt  balance  was 
reported  as 

Qs s w i +Qs gw i +Qag=Qs s wo +Qa gwo  [4] 

(Input)       (Output) 
384900+3300+37800=349900+76100 
426,00  tons  yr" x  =  426,000  tons  yr" l 
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where  Qsswi=salt  loading  observed  at  the  USGS  gage  at 
Littlefield,  Arizona;  Qsgwi=salt  loading  due  to  influx  of 
groundwater;  Qa«=salt  loading  due  to  irrigation  and  other 
uses;  Q3swo=salt  loading  observed  at  Riverside,  Nevada;  and, 
Qsgwo=salt  loading  due  to  groundwater  discharge  at 
Riverside,  Nevada. 

It  is  apparent  from  the  various  preceeding  budgets,  that 
they  were  simply  balanced  by  the  difference  method.  The  salt 
budget  illustrates  that  the  overall  increase  in  salt  loading 
is  principally  due  to  irrigation  and  "other  uses".  The 
increase  in  salt  would  be  distributed  between  groundwater 
and  surface  water,  however,  the  proportions  to  each  are 
unobtainable  from  the  data  presented. 

Las  Vegas  Wash 

Las  Vegas  Wash  is  the  primary  surface  water  outlet  for 
the  2193  square  miles  of  Las  Vegas  Valley.  Las  Vegas  Valley 
is  located  in  Clark  County  and  contains  the  largest 
population  of  the  State.  The  Valley  is  bordered  on  the  west 
and  northe  by  the  Spring  and  Sheep  mountains  and  on  the  east 
by  the  Frenchman  and  River  mountains.  Las  Vegas  Wash  became 
perennial  following  the  late  1940s.  It  was  at  this  time  that 
water  was  first  imported  from  Lake  Mead  to  supply  an 
industrial  complex  built  to  process  mangesium  (USDI,  1982b). 
Wastewater  from  the  magnesium  plant  was  discharged  to 
tailing  ponds  located  arouint  Pittman,  Nevada,  south  of  Las 
Vegas.  The  pond  water  seeped  into  the  near-surface  coarse 
alluvium  subsequently  flowed  down-gradient  to  be  discharged 
in  seeps  into  Las  Vegas  Wash. 

Since  1940,  the  perennial  flow  of  the  Wash  has  been 
supplied  and  maintained  by  various  municipal  and  industrial 
sources.  Sewage  effluent  has  either  been  used  for  irrigation 
on  both  local  ranches  and  golf  courses  or  has  been  placed  in 
disposal  lagoons.  Both  methods  of  disposal  have  allowed 
water  to  infiltrate  into  the  coarse  alluvium  of  the  Wash  and 
to  migrate  towards  the  flowing  Las  Vegas  Wash.  In  addition, 
washes  and  cooling  waters  from  industries  in  the  east  Las 
Vegas  area  are  discharged  into  tributaries  of  Las  Vegas  Wash 
and  adjacent  disposal  lagoons,  again  recharging  water  via 
the  coarse  alluvium  to  Las  Vegas  Wash.  Diversion  of 
flashflood  water  and  recharge  due  to  the  watering  of  lawns 
in  the  communities  of  Las  Vegas  have  also  been  identified  as 
adding  to  flow  in  the  Las  Vegas  Wash  (USDI,  1982b). 

The  groundwater  system  of  most  importance  to  salinity 
loading  of  Las  Vegas  Wash  is  that  of  the  alluvial  fill  in 
Las  Vegas  Valley.  Regional  recharge  occurs  in  the 
surrounding  mountain  ranges  due  to  infiltration  of 
precipitation  whereas  local  recharge  occurs  from  municipal 
and  industrial  wastewater  disposal  practices  as  discussed 
above.  The  Bureau  of  Reclamation  (USDI,  1982b)  has  estimated 
that  one-fourth  of  the  groundwater  discharged  in  the  lower 
portion  of  Las  Vegas  Valley  is  from  regional  sources.  Two- 
thirds  of  the  groundwater  discharged  was  attributed  to  local 
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recharge  of  stream  seepage  and  municipal  and  industrial 
wastewater  seepages  in  addition  to  lawn  and  farm  irrigation. 
Groundwater  flow  in  the  near-surface  alluvial  aquifer  is 
quite  heterogeneous  due  to  high  variability  of  alluvium 
lithologies  which  give  way  to  highly  variable 
transmissivities  (USDI,  1982b). 

Consumptive  use  of  groundwater  by  phreatophytes  in  the 
lower  Las  Vegas  Wash  for  1970  and  1975  has  been  estimated  at 
97000  and  10700  AF  yr" 1  ,  respectively  (Bateman,  1976b). 
French  et  al.  (1982)  have  stated  that  consumptive  use  of 
groundwater  by  phreatophytes  is  an  effective  mechanism  by 
which  salts  are  concentrated  and  stored.  Salt  concentration 
and  storage  within  thealluvium  and  soils  of  lower  Las  Vegas 
Valley  actually  results  from  several  mechanisms  (French  et 
al . ,  1982).  From  a  regional  perspective,  historical  movement 
of  groundwater  in  the  alluvium  coupled  with  evaporation  has 
caused  the  concentration  of  salts  to  increase  down-gradient 
towards  the  discharge  point  at  Lake  Mead.  Locally,  direct 
evaporation  of  near  surface  groundwater  has  concentrated 
salts.  The  increased  density  of  phreatophytes  in  Las  Vegas 
Wash  in  response  to  increased  flow  caused  by  metropolitan 
discharge  over  the  past  forty  years  has  apparently  increased 
salt  concentration  because  of  increased  evapotranspiration . 
French  et  al.  (1982)  further  suggest  that  natural  erosion 
processes  may  bring  salt  into  the  Las  Vegas  Wash  area. 
Within  their  15  square  mile  study  area,  located 
approximately  10  miles  southeast  of  Las  Vegas,  French  et  al. 
(1982)  estimated  that  salts  compose  approximately  2%    (42.6  x 
105 )  of  the  total  mass  of  material  in  the  study  area  between 
the  ground  surface  and  a  depth  of  10  feet. 

The  Bureau  of  Reclamation  (USDI,  1982b)  provided  a  salt 
budget  for  salt  loading  of  Las  Vegas  Wash  for  the  period  of 
1976-1979.  The  outflow  point  was  located  at  North  Shore 
Road,  approximately  7000  ft  upstream  from  the  point  where 
Las  Vegas  Wash  enters  Lake  Mead.  The  total  outflow  of  salts 
in  the  surface  water  was  219,480  ton  yr" l    which  included  a 
contribution  of  49,400  tons  yr- 1    from  groundwater.  The  total 
outflow  of  salts  in  the  groundwater  before  discharge  to  Las 
Vegas  Wash  was  54,430  tons  yr~  x  .  The  actual  amount  of  salts 
to  be  discharged  through  the  outflow  point  via  groundwater 
was  5030  tons  yr~ : .  The  breakdown  of  the  sources  of  salt 
loading  for  the  entire  amount  of  salt  that  was  discharged 
through  the  outflow  point,  i.e.,  surface  water  plus 
groundwater  at  224,520  tons  yr" l  was: 

39%  Clark  County  and  Las  Vegas  Sewage  Treatment  Plant 

effluent . 
31%  Native  salt  leached  from  alluvium. 
6%    Surface  flow  seepage  to  groundwater. 
6%    Storm  runoff  (overland  flow  plus  surface  erosion). 
5%    Inflow  from  upper  Las  Vegas  Valley  via  flood 

diversions  and  tributaries. 
4%  Regional  groundwater  inflow. 
3%    Farm  and  lawn  irrigation  seepage. 
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3%    Industrial  wastewater  seepage  and  ditch  drainage. 
2%    Power  plant  discharge  and  cooling  water  seepage. 
1%    Municipal  water  system  and  septic  tank  seepage. 


Other  Sources  of  Salt  Contributi ons 

A  reconnaissance  study  was  conducted  (Woessner,  1980)  to 
identify  the  mechanisms  of  salt  loading  from  four  ephemeral 
drainages  located  on  public  land  in  the  vicinity  of  Lake 
Mead.  The  drainages  were  Valley  of  Fire  Wash,  Echo  Wash, 
West  End  Wash  and  Government  Wash.  Both  water  quality  and 
quantity  were  measured  during  intermittent  precipitation 
events  for  a  2  yr  period.  Annual  total  discharge  which 
occurred  at  the  exit  points  for  each  wash  was  coupled  with 
TDS  values  at  those  stations  to  obtain  the  quantity  of  salts 
produced.  Samples  of  windblown  dust  and  sand  were  also  taken 
within  each  watershed  to  identify  the  significance  of  eolian 
deposited  soluble  salts  to  total  salt  loading. 

Study  results  indicated  that  water  quality  of  runoff 
events  was  generally  a  calcium  sulfate  type.  It  was 
suggested  that  bank  erosion  of  gypsic  soils  contributed  to 
the  overall  quality  of  the  water.  The  calculated  average  TDS 
values  of  intermittent  flow  water  ranged  from  1270  to  2000 
mg  L" 1 .  These  values  coumpled  with  the  approximate  volumes 
of  water  exiting  the  study  area  demonstrated  that  about  3000 
tons  of  salt  entered  Lake  Mead  in  1978  whereas  1300  tons 
entered  in  1979.  Calculations  based  on  the  average  annual 
rate  of  accumulation  of  soluble  eolian  material  within  the 
study  area  indicated  that  25,670  tons  of  salts  could  be 
added  to  Lake  Mead  annually. 

Another  potential  source  of  eolian  material  which  could 
contribute  to  salt  loading  in  Lake  Mead  is  from  Eldordo 
Valley  located  approximately  seven  miles  southwest  of 
Boulder  City,  Nevada.  The  playa  at  the  center  of  the  valley 
has  been  identified  as  being  strongly  saline.  Wind  data 
located  at  McCarren  International  Airport  in  Las  Vegas  show 
that  in  spring  and  summer  the  strongest  winds  are  from  the 
southwest.  It  is,  thus,  reasonable  to  assume  that  similar 
wind  conditions  also  apply  to  nearby  Eldorado  Valley. 
Reconnaissance  field  observations  have  revealed  that  eolian 
materials  may  be  depositing  between  the  playa  in  Eldorado 
Valley  and  Boulder  City. 

Although  Young  and  Evans  (1984)  have  shown  that  the 
majority  of  eolian  material  derived  from  playas  is  deposited 
within  the  first  1.5  miles  on  the  lee  side  of  the  playa, 
finer  grained  particles  may  be  transported  much  farther.  To 
test  whether  fine  grained  materials  originating  from 
Eldorado  Valley  reach  Lake  Mead,  a  program  to  sample  the 
particulate  matter  at  the  surface  of  the  lake  could  be 
initiated.  Chemical  analyses  of  the  material  combined  with 
estimates  of  the  volume  of  deposition  would  indicate  whether 
salt  loading  to  the  Lake  due  to  such  a  mechanism  is 
significant. 
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Summary  of  Interpretive  Findings 

There  appears  to  be  three  principl  perennial  streams 
which  discharge  from  the  Colorado  River  Basin  of  Nevada  into 
Lake  Mead,  and  hence,  to  the  Colorado  River;  the  Muddy 
River,  the  Virgin  River,  and  Las  Vegas  Wash.  If  the  data 
presented  in  Table  2  can  be  considered  representative  of  the 
three  watersheds,  then  5%    of  the  annual  salt  load  of  10 
million  tons  at  Hoover  Dam  can  be  identified  as  originating 
from  the  Virgin  River,  2%    from  Las  Vegas  Wash,  and  0.2%  from 
the  Muddy  River.  It  should  be  noted  that  only  surface  water 
contributions  are  considered.  Except  for  the  Muddy  River, 
salt  loading  to  Lake  Mead  via  groundwater  discharge  is 
presumed  minimal. 

The  major  source  of  salt  loading  to  Muddy  River  was  from 
Muddy  River  Springs  (USDA,  1981a).  Irrigation  and  surface 
erosion  comprised  the  remainder  of  the  salt  load.  The 
dominant  sources  of  salt  in  the  lower  portion  of  the  Virgin 
River  are  irrigation  and  concentrations  of  salts  by 
phreatophytes  (USDA,  1981b;  USDI,  1982a;  Woessner  et  al., 
1981).  Most  of  the  salts  discharging  into  Lake  Mead  from  Las 
Vegas  Wash  originate  from  municipal  and  industrial 
wastewater  activities.  The  leaching  of  native  salts  from  the 
surrounding  alluvium  is  the  second  most  prevalent  source. 

All  of  the  water  and  salt  budgets  that  have  been 
presented  in  the  literature  for  each  perennial  watershed 
have  been  averaged  over  some  period  of  time.  This  only 
renders  the  total  output  from  an  area  and,  thus,  gives  no 
indication  as  to  the  cyclical  nature  of  the  mechanisms 
involved  in  salt  loading.  For  example,  irrigation  occurs 
only  during  certain  times  of  the  year.  Return  flows  entering 
streams  via  deep  percolation  of  irrigation  waters  which 
contain  leached  salts  would  probably  occur  during  the  same 
general  time  interval.  The  cyclical  nature  of  sediment  load 
in  the  Virgin  and  Muddy  Rivers  as  illustrated  in  Figure  6  is 
indicative.  The  only  source  of  salts  that  the  literature 
seems  to  indicate  as  non-cyclical  is  that  originating  from 
municipal  and  industrial  wastewater  discharges  in  Las  Vegas 
Wash.  The  salt  loading  into  Lake  Mead  changes  throughout  the 
year  and  it  may  be  advantageous  to  consider  research 
approaches  to  identify  and  manage  peak  contributions  of  salt 
loads  from  public  lands. 

Specific  areas  of  investigation  might  well  center  in  the 
Moapa  and  Virgin  Valleys,  and  the  Las  Vegas  Wash.  In  the 
Moapa  Valley,  two  drainages  discharge  directly  to  the  Muddy 
River  flood  plain.  They  are  similar  in  size  (~8  square 
miles).  The  drainages  are  more  or  less  representative  of 
what  would  be  found  along  the  course  of  the  Muddy  River  and 
the  attraction  is  that  they  are  about  the  same  size  and  are 
adjacent  one  another.  Two  drainages  also  discharge  directly 
into  the  Virgin  Valley  floodplain.  They  too,  are  of  similar 
size  ( ~4-5  square  miles.  For  both  potential  sites  (Moapa  and 
Virgin  Valleys)  much  of  the  watershed  areas  are  composed  of 
badlands.  Although  no  formal  classification  has  been 
derived,  the  areas  are  described  as  high  sloped  and  very 
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erodable.  Substantive  sediment  discharge  is  known  to 
originate  from  these  geomorphological  areas.  A  field 
investigation  could  be  initiated  to  determine  the  actual 
salinity  discharge  associated  with  these  areas  as  well  as  to 
evaluate  potential  mitigative  measures.  The  possibility  of 
significant  salt  contribution  from  these  areas  is  high 
because  of  the  presence  of  the  Muddy  Creek  formation  in  the 
vicinity. 

Respective  of  Las  Vegas  Wash,  there  are  three  potential 
drainages  of  interest.  Two  in  the  Lava  Butte  area  are  of 
similar  size  and  both  discharge  directly  to  Las  Vegas  Wash. 
Each  drainage  encompasses  approximately  2-3  square  miles. 
The  third  drainage  is  to  the  west  of  the  other  two  and  is 
approximately  3  square  miles  in  size.  The  presence  of  gypsum 
mines  are  indicative  of  potential  sources  of  salt  discharge. 
It  would  seem  reasonable  to  choose  watersheds  towards  the 
discharge  point  of  Las  Vegas  Wash  since  French  et  al.  (1982) 
have  suggested  that  salinity  generally  increases  down- 
gradient  of  the  total  discharge  basin. 
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Int roduct ion 
The  ability  to  predict  hydrologic  response  and  salt-yield 
characteristics  of  small  semiarid  to  arid  watersheds 
(watersheds  small  enough  to  be  impacted  by  the  activity  of 
man)  within  the  Colorado  River  drainage  is  currently 
unavailable.  In  most  cases,  little  is  known  regarding  the 
basic  hydrologic  processes  of  overland  flow,  infiltration, 
soil  moisture  recharge,  and  stream  flow  and  how  these 
processes  interact  in  generating  salt  and  sediment 
discharges.  Engineering  designs  generally  treat  hydrologic 
properties  as  constants.  However  it  is  well  recognized  that 
such  variables  as  range  condition,  season  of  the  year,  and 
soil  surface  conditions  greatly  influence  infiltration  rates 
on  specific  range  sites.  Quantities  of  salt  and  sediment 
produced  from  a  small  watershed  are  directly  influenced  not 
only  by  salt  content  of  respective  soils  but  also  by  varying 
hydrologic  properties  of  the  arid  landscapes  and  land 
management  practices.  It  may,  therefore,  be  presumed  that 
the  hydrologic  properties  of  small  watersheds  are  highly 
variable  and  should  be  quantified  for  purposes  of  management 
manipul at  i  on . 

Potential  Research  Hypotheses  and  Objectives 

*  Salt  and  sediment  production  are  dictated  by  infiltration 
and  runoff.  Furthermore,  infiltration  on  a  particular 
range  site  is  a  function  of  range  condition,  season  of 
year,  precipitation  frequency,  intensity  and  duration, 
soil  surface  characteristics,  and  antecedent  soil  moisture 
content . 

Objective    --    To    determine    the    impact    of  selected   site 
variables    (as    indicated   above)    on    infiltration    rates    and 
capaci ty. 

*  Given  the  correlation  between  precipitation  and  runoff, 
curve  numbers  (CN)  can  be  generated  using  simulated 
rainfall  events  that  adequately  represent  the  surface 
hydrology  of  specific  range  sites. 

Objective    --    To   predict   potent i al    surface    runoff   from   small 
watersheds    which    represent    the   general    project    area. 

30 


*  Salt  and  sediment  production  from  soil  particle 
detachment  finterrill  and  sheet  erosion),  and  overland 
flow  on  a  specific  range  site  are  a  function  of  the  same 
variables  influencing  infiltration  rates. 

Objective    —  To   measure    salt    release    and    interrill    erosion 
(due    to    overland   flow)    as    a    function    of  range    condit ion , 
season    of  year,    precipitation    frequency ,     intensity   and 
duration ,     soil    surface    characteristics,     and   antecedent    soil 
moisture    content . 

*  Management  measures  affecting  control  of  salt 
movement  from  public  (BLM)  lands  to  the  Colorado  River 
drainage  will  be  subject  to  economic  factors. 

Objective    --    To    develop    an    economic    framework    (model)     that 
will    assist    in    the    i  dent  i  fi  cat  ion    of   optimal    land    treatments 
and   structural    alt ernatives    used    to    reduce   salt    loading   from 
BLM  managed   lands    to    the    Colorado   River    drainage. 

Methods  and  Materials 

All  studies  will  be  conducted  on  small  gaged  watersheds 
located  on  BLM  lands  within  the  Colorado  River  drainage  in 
Nevada.  The  small  watersheds  will  be  selected  in  cooperation 
with  BLM  personnel  and  appropriate  stream  gaging  and  water 
quality  sampling  devices  will  be  installed  by  BLM  district 
personnel.  A  raingage  network  will  be  installed  and  a 
detailed  soil  survey  wil  be  conducted  by  BLM  district 
personnel  on  each  study  site. 

Inflitration  studies,  generation  of  runoff  curve  numbers, 
and  salt  erosion  studies  will  be  conducted  using  modular- 
type  rainfall  simulators  with  water  of  known  quality  status. 
Infiltration  will  be  measured  as  the  difference  between 
water  applied  to  a  specific  plot  and  runoff;  runoff  curve 
numbers  will  be  generated  given  the  relationship  between 
total  applied  rainfall  and  runoff  discharge;  and  salt  and 
sediment  yields  will  be  measured  as  mg  L" :  TDS  and  g  per 
unit  area,  respectively.  Determination  of  additional 
chemical  parameters  will  be  considered.  Runoff  predicted  for 
small  watersheds  adjacent  to  the  study  sites  using  the  curve 
number  technique  will  be  checked  against  measured  runoff  at 
gaging  stations.  Predicted  runoff  will  be  generated  using 
both  a  disturbed  curve  number  model  and  a  weighted  average 
curve  number  for  the  entire  watershed  area. 

In  developing  an  economic  model,  various  mathematical 
optimization  techniques  are  available  to  identify  a  set  of 
alternatives  to  reduce  salt  loads  at  minimum  costs.  Linear 
Programming  (LP)  models  have  previously  been  used 
successfully  to  investigate  cost  effectiveness  of  different 
irrigation  methods  to  reduce  TDS  in  the  Colorado  River.  Case 
study  applications  for  the  Grand  Valley  area,  Colorado  River 
portion  of  Utah  and  the  entire  Upper  Basin  have  been 
reported.  Other  approaches  have  been  used  to  investigate  the 
economic  feasibility  of  salinity  projects.  Dynamic 
programming  methods  have  been  used  to  sequence  various 
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salinity  projects  in  the  Colorado  River,  over  time,  that 
minimize  present  discounted  values  of  project  costs  while 
meeting  a  "stated"  reduction  in  TDS  over  time.  Integer 
programming  has  also  been  used  to  select  discrete  projects 
for  water  conservation  in  the  Upper  Colorado  River  Basin. 

General  nonlinear  programming  models  are  also  useful, 
particularly  in  modeling  water  quality  problems  since 
hydrologic  and  water  quality  relationships  over  space  and 
time  tend  to  be  nonlinear.  Furthermore,  the  costs  and 
benefits  associated  with  various  alternatives  may  be 
nonlinear  functions  of  activities.  In  such  cases,  the 
objective  function  is  modeled  as  a  nonlinear  function  and 
the  problem  is  solved  using  nonlinear  programming 
techniques.  Computer  programs  to  solve  these  models  are 
available  at  the  University  of  Nevada,  Reno.  A  suitable 
optimization  model  will  be  selected  considering  the  type  of 
alternatives,  data  availability,  the  nature  of  costs  and 
benefits  and  resource  availability.  The  initial  phase  of  the 
project  will  involve  formulation  of  a  case  study  model  for 
application.  Ideally,  results  will  identify  those  land 
treatment  and  other  structural  alternatives  by  size,  type 
and  location,  which  reduce  TDS  by  a  specified  level  at 
minimal  cost.  If  engineering  or  other  political  factors 
preclude  one  or  more  of  the  initially  identified 
alternatives,  the  model  can  be  solved  to  examine  cost 
effectiveness  of  the  remaining  "acceptable"  alternatives. 
Parameter  sensitivity  can  also  be  examined  utilizing  the 
model.  For  example,  if  the  budget  for  a  selected  set  of 
proposed  alternatives  is  reduced,  the  model  can  be  used  to 
examine  its  effect  on  the  solution. 

Financial  Support 

Should  the  Bureau  of  Land  Management  wish  to  support  the 
above  proposed  investigative  efforts,  the  potential  research 
hypotheses  and  objectives  may  be  investigated  in  their 
entirety  or  portions  thereof  dependant  upon  the  level  of 
available  funding.  If  appropriate,  research  efforts  may  be 
specifically  separated  between  the  physical  and  economic 
components . 

It  was  agreed  by  both  Range,  Wildlife,  and  Forestry  and 
the  Agricultural  Resource  Economics  researchers  that  the 
minimal  funds  necessary  for  successful  research 
investigation  would  be  $30,000.00  for  the  remainder  of  this 
Federal  fiscal  year,  and  $50,000.00  for  the  next  fiscal 
year;   funding  on  a  fixed  cost  basis  being  most  desirable  if 
possible.  It  should  be  noted  that  the  University  presently 
requires  overhead  on  all  Grants.  The  amount  of  overhead  will 
be  dependant  upon  BLM  negotiation  directly  with  the 
Universtiy  and  the  Dean  of  the  Graduate  School. 

If  the  Bureau  of  Land  Management  wishes  to  pursue 
formulation  of  a  formal  contractual  agreement  between  the 
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University,  and  the  Departments  of  Range,  Wildlife  and 
Forestry,  and  Agricultural  Resource  Economics,  a  detailed 
presentation  of  scope    of  work   and  research  time    frame 
consistant  with  proposed  level  of  funding  will  be  provided 
upon  request. 
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